The results of 3047 speckle interferometric observations of double stars, made with the 26 inch (66 cm) refractor of the US Naval Observatory, are presented. Each speckle interferometric observation of a system represents a combination of over a thousand short-exposure images. These observations are averaged into 1572 mean relative positions and range in separation from 0B20 to 62B86, with a median separation of 4B19. This is the 10th in a series of papers presenting measures obtained with this system and covers the period 2003 January 13 through 2003 December 1. Included in these data are nine older measures whose positions were previously deemed possibly aberrant but are no longer classified this way following a confirming observation. Four of these systems have new orbital elements, which are presented here as well.
INTRODUCTION
From 2003 January 13 through 2003 December 1, the 26 inch (66 cm) refractor of the US Naval Observatory was used on 95 of 253 scheduled nights (38%). The remaining nights were lost to marginal weather conditions. Not all nights were scheduled, as a consequence of either instrumental difficulties or the camera's being removed for other observing projects or runs. Further details describing the techniques and methodology of speckle interferometry are contained in the earlier papers in this series and references therein (most recently, Mason et al. 2004) .
While individual nightly totals varied substantially (from four to 78 objects per night), these nights together yielded 3047 observations (pointings of the telescope) and 2594 resolutions (double stars resolved and measured). After removing marginal observations, calibration data, and tests, a total of 2182 measures remained, which have been grouped into 1572 mean positions. Included in these are 115 confirmations of binaries with only one previous observation. While some of these are relatively recent discoveries of the Hipparcos or Tycho instruments ( ESA 1997) , some have remained unconfirmed for quite a while. Also included in these data are nine observations with the same USNO speckle camera system from 2002. These measures were not published in Mason et al. (2004) , as they were significantly different from previous observations or orbital predictions; however, they have now been confirmed with new measures obtained in 2003. Some of these discrepancies reflect the prematurity of earlier orbit calculations; for four of these systems we were able to obtain new elements that, although still preliminary, allow for better ephemerides to be published. For the other five, while there are certainly consistent residual trends that demonstrate systematic runoff, these data are not sufficient to justify a new orbital calculation.
OBSERVING LISTS AND CALIBRATION
The observing list was constructed using the same methodology discussed in Mason et al. (2004) . The majority of the systems were those that are considered neglected (the last date of observation was 10 or more years ago) or doubles needing confirmation. Additional sets were added. These sets included objects with uncertain motion, definitive orbits used to characterize errors, those with expected rapid motion, bright (V < 5) stars used for navigation, and others. Absolute calibration is determined by the use of a slit mask placed at the objective end of the telescope. Observation of a single star through this mask produces interference fringes that can then be used to determine spatial and angular calibration independently of any errors associated with using even ''definitive'' binaries. 
RESULTS
While speckle interferometry has made significant progress in the discovery of new companions, or the first resolution of companions detected by other techniques, the pairs are frequently quite closely separated, often under 100 mas. Given the modest aperture of the USNO telescope, it is certainly not ideal for the discovery of close companions, although it has confirmed the duplicity of many close binaries first detected from space. Table 1 presents coordinates and magnitude information from CDS 3 for those binaries that are resolved for the first time. These three systems were found as additional components to known pairs. Column (1) gives the coordinates of the primary of the pair. Column (2) is the discoverer designation, the WSI ( Washington Speckle Interferometry) number (note that since all three are additional components of known doubles, they are designated ''AC''). Column (3) gives the estimated visual magnitude of the primary, and column (4) the estimated visual magnitude of the component discovered here. Column (5) gives notes indicating the circumstance of the discovery. The mean double star positions (T, , and ) of these systems (all were observed two or more times) are given in Table 2 . Table 2 presents the mean relative positions of the members of 1406 systems having no orbital determination. The first two columns identify the system by providing the epoch 2000 coordinates and discoverer designation. The next three columns give the epoch of observation (expressed as fractional Besselian year), the position angle (in degrees), and the separation (in seconds of arc). Note that the position angle has not been corrected for precession and is thus based on the equinox for the epoch of observation. Objects whose measures are of lower quality are indicated by colons following the position angle and separation. These lower quality observations may be due to one or more of the following: close separation, large Ám, one or both components very faint, a large zenith distance, and poor seeing or transparency. They are included primarily because of either the confirming nature of the observation or the number of years since the last measured position. The sixth column indicates the number of observations contained in the mean, and the seventh flags any notes. While the sixth column reflects the number of measures, each measure represents the combination of over 1000 short-exposure images, from which a single measure is obtained in autocorrelation space. The most common note indicators are either ''C,'' indicating a confirming observation, ''L,'' indicating that the system is being analyzed for linear motion, or a number (N ) indicating the number of years since the system was last measured. This is only given for systems with N ! 50 yr. One hundred fifteen systems are here confirmed. Since priority is given both to unconfirmed systems and to systems not observed recently, the time since last observation can be surprisingly large; for the systems in Table 2 , the average time since the last observation is 25 years. Two hundred fifty-six have not been observed in the last 50 years or more, and 21 have not been observed in 100 years or more, with the maximum being 111 years for BRT 2491 ( Barton 1939) . Of those confirmed, 48 are relatively recent: four from Hipparcos ( ESA 1997), 40 from Tycho ( Høg et al. 2000a ( Høg et al. , 2000b Mason et al. 2000; Fabricius et al. 2002) , and four discovered with the USNO speckle system ( Mason et al. 1999b on either the USNO 26 inch or the McDonald 2.1 m. Of the 1406 measures in Table 2 (i.e., systems without orbits), the median separation is 9B0.
This median separation is much greater than is typically obtained by high-resolution techniques. In many of these cases, the camera is functioning more as a fast-readout ICCD imager than a classical speckle interferometer. These wider (and therefore less optimal) systems were observed for typically one of three reasons: (1) to investigate the calibration parameters and repeatability of results outside the r 0 window (the typical isoplanatic patch); (2) to gather data on rectilinear systems that are currently under investigation ( Hartkopf et al. 2004) ; and (3) bright stars were observed, which are most useful for navigation purposes. One hundred fifty-three of the systems in Table 2 have an ''L'' code in the notes column. These are pairs for which linear elements have been determined. A complete analysis of all linear systems is currently in preparation ( Hartkopf et al. 2004) . While a few of these may indeed be orbit systems (with extremely long periods, higheccentricity orbits near apastron, or both), most are likely optical doubles. Morphologically, the images of wide binaries of similar brightness exhibit the same sort of pattern as if the isoplanatic patch were considerably wider than conventional wisdom states. A more thorough analysis of this will be done following completion of the Linear Elements Catalog of Hartkopf et al. (2004) . Table 3 presents the mean relative positions for 166 double star systems with published orbital determinations. The first six columns are identical to the corresponding columns of Table 2 . Columns (7) and (8) give OÀC orbit residuals (in and ) to the orbit referenced in column (9). Notes are designated in column (10). The objects in Table 3 tend to be more frequently observed, closer pairs than those in Table 2 , with a median separation of 0B94 and a mean time interval since last observation of 1.4 yr. Wider orbit systems were also observed, but only a few (N ¼ 14) had separations greater than 4B0. While many objects have more than one observation generating a mean position, eight objects have motion that is rapid enough to make listing individual measures appropriate. For systems with corrected elements, which are presented in Table 5 below, residuals are provided for the new calculation as well as the best of the historical determinations. When more than one historical orbit of approximately equal value is known, both sets of residuals are provided. Figure 1 presents a plot of versus Ám for the systems in Tables 2 and 3 with separation less than 2B5, plus others observed but not resolved during the calendar year. Table 2 is presented its entirety in the electronic edition of the Astronomical Journal. A portion is shown here for guidance regarding its form and content.
Table 4 presents systems that were observed but not detected. In some cases, a binary that is not resolved may be detected by asymmetries in the autocorrelation. This usually occurs when the Ám is large and is small. Given the most recent observational data, it was expected that these pairs should have been resolved; however, they were not. Possible reasons include orbital or differential proper motion making the binary too close or too wide to resolve, a larger than expected Ám, incorrect pointing, and misprints or errors in the original reporting paper. It is hoped that reporting these will encourage other double star astronomers to either provide corrections to USNO or to verify the lack of detection. While many are quite old and their lack of detection may be due to unknown proper-motion drift, some are recent and so should Notes.-(*) System used in characterizing errors.
(1) This measure was inconsistent with previous measures and so was not included in Mason et al. (2004) . However, available data are deemed insufficient for a new orbital calculation at this time. (2) This system was expected to show significant motion over the calendar year, so multiple observations have been obtained. (3) Appears to be approaching periastron sooner than expected, and with a more eccentric orbit. The new orbit is listed in Table 5 , ephemerides based on these elements are listed in Table 6 , and the orbit is illustrated in Fig. 1. (4) This measure was inconsistent with previous measures and so not was included in Mason et al. (2001) . The new orbit is listed in Table 5 , ephemerides based on these elements are listed in Table 6 , and the orbit is illustrated in Fig. 1 . Table 3 is presented in its entirety in the the electronic edition of the Astronomical Journal. A portion is shown here for guidance regarding its form and content. not show significant differential motion. In addition to the 39 Tycho double stars that were confirmed in Table 2, 19 were not detected and thus are presented in Table 4 .
ANALYSIS
As mentioned in x 2, absolute calibration is determined by means of a slit mask placed in front of the primary. Since absolute calibration is done in this manner, binaries with wellcharacterized motion can be used to approximate errors. Binaries on the calibration orbit list were again selected. Twenty-seven of the objects listed in Table 3 fall into this category, two of which (STF 1937 and STF 1523) have motions over the calendar year that are significant enough that multiple observations are listed in the table. For the following error analysis, mean residuals of these two systems are determined. For all 27 systems, the mean residuals in position angle and separation are À0N15 AE 1N42 and À0B00 AE 0B04, respectively. The nonzero mean position angle residual is most likely reflective of the accuracy of the observer lining up the plumb bob for calibration. The separation residual was examined in several separation regimes to check for any systematic errors with calibration systems close to the resolution limit or for systems outside the typical r 0 patch. For separations of 0B2-1 00 , 1 00 -2 00 , 2 00 -4 00 , and 4 00 -12B5 the residuals in separation are À0B01, 0B01, 0B2, and À0B04, respectively, all with standard deviations between 0B02 and 0B05. At closer separations, small absolute errors result in larger relative errors. In the same four bins the errors are À2.08%, 0.54%, 0.72%, and À0.62%. The errors in the separate bins are more reflective of the quality of the individual orbits and are, therefore, not adequate for the investigation of second-order errors. If only grade 1 orbits are used for calibration, the absolute separation standard deviation decreases; however, the relative value increases. This, though, is due more to grade 1 orbits being quite close (of the nine grade 1 orbits, seven have semimajor axes less than 1 00 ) rather than an investigation of their applicability for error analysis. Using calibration systems for error characterization seems valid; however, they are not adequate for the examination of smaller factors. Given the errors in the orbits, and assuming they are random, it is advisable to observe as many of these as possible. Also, there does not seem to be any gross problem with using wider systems for this investigation.
Finally, Table 5 presents the new, calculated orbits. All were determined in the method described in Seymour et al. (2002) using the observation-weighting rules of Hartkopf et al. (2001) . The orbit grade change is, as expected, minimal: from 0.2 to Notes.
-(1) Measured twice by Olivier (1909 Olivier ( , 1920 but not seen by any other observer. (2) Only arcminute coordinates are available for this pair resolved by Pourteau (1933) . Because of this, it is not certain that the right star was observed. (3) Listed as having two measures in the WDS ( Baillaud 1943; Urban et al. 1998 ); however, they are two different measures of the same plate and, possibly, the same plate defect. Not seen since. (4) Two early 20th-century measures ( Lewis 1907; Bowyer 1907) are of a fairly wide system and are quoted here. There is a recent measure by Argue et al. (1992; 57N0 and 0B69) , which, if real, may explain the lack of resolution by the system's being slow-moving and too close at present. (5) STN 46 appears to be the same as S 716 with an error in right ascension. See Table 2 , note 4. (6) Measures from Lewis (1899 Lewis ( , 1901 were assigned to both this pair and 20010+2956 ( L 32) in the Burnham (1906; BDS 9785 and BDS 9824) and Aitken (1932; ADS 13233 and ADS 13255) catalogs. Published coordinates and magnitudes are also similar, and only one pair is seen on POSS plates, leading to the conclusion that these are the same system. The L 32 designation was maintained, as its WDS designation was correct. See Table 2 , note 5.
1.0 grades. Most of these systems, with the possibly exception of STF 1527, are of the ''Is this orbit really necessary?'' type. Indeed, that one may be as well, although it is approaching periastron and is certainly worth monitoring. It is hoped that highlighting it here will serve to put it on other high angular resolution programs. Its separation is expected to be less than 0B5 for the next 15 years, and over that time the position angle is predicted to change by 172 ! For the other three systems,
were there not earlier calculations it would probably be advisable to wait. However, all of these are beginning to show systematic runoff, which resulted in their earlier USNO speckle measures being unpublished. The orbital elements listed in Table 5 and illustrated in Figure 2 are, while better than the previously published orbits, probably not terribly reliable over the course of a complete orbit. However, the ephemerides in Table 6 should be quite adequate for the next decade. Indeed, it 
Discoverer Designation a For an explanation of orbit grading, see Hartkopf et al. (2001) . Fig. 2. -Relative visual orbits for WDS 1190+1416, 18250+2724, 18443+3940, and 23176À0131; the x and y scales are in arcseconds. The solid curves represent the newly determined orbital elements, while the dashed curves represent previously published orbital elements. The previous calculations are cited in Popović & Pavlović (1995; 11190+1416) , Heintz (1960; 18250+2724) , Güntzel-Lingner (1956; 18443+3940) , and Heintz (1962; 23176À0131) might be said that the greatest use of the elements from Table 5 is for position determination for dates not given in Table 6 . Using the orbit-grading precepts of Hartkopf et al. (2001) , the grades of the new calculations are provided in Table 5 as well. All but one of these would be classified subjectively as preliminary or indeterminate. Nevertheless, the average orbit grade improvement is over half a grade. Relative visual orbits of each system are plotted in Figure 2 , with the x-and y-axes indicating the scale in arcseconds. The solid curves represent the newly determined orbital elements of Table 5 , while the dashed curves represent the previously published orbit cited in the figure legend.
Maintenance of a telescope and building dating from the late 19th century is always a challenge and continues to be handled with remarkable expertise by the USNO instrument shop. Thanks are extended to John Pohlman, Tie Siemers, David Smith, and Gary Wieder. 
